Objective: The effects of oral carbohydrate solutions, ingested 2 h prior to operation, on stress response were studied in patients undergoing general or epidural anaesthesia.
Introduction
E xposure of the human body to surgical or other trauma leads to a neurohumoral response in the body and activates a catabolic process (1) . The characteristics of the process include the increase in the metabolisms of lipids, proteins and carbohydrates; the retention of water and sodium and the decrease in insulin sensitivity along with the increase in blood glucose. The changes occurring within this process increase the risk for postoperative complications and mortality (2, 3) . The surgical stress response of the organism, type of anaesthesia and surgery, duration of preoperative fasting and perioperative bleeding are correlated with the level of postoperative analgesia, and they affect the duration of hospitalization (4) . Several previous studies indicated that surgical catabolic responses may vary with the anaesthesia technique. Therefore, some researchers have conducted studies to evaluate the superiority of anaesthesia techniques by applying general, epidural and combined skills (5-7).
Oral carbohydrate solutions have been developed to shorten the preoperative fasting duration. These solutions pass through the stomach in a short time; therefore, they can be used even 2 h before the operation (8) . The present study aimed to investigate the effects of oral carbohydrate solutions received up to the preoperative 2 nd hour on the surgical stress response of patients undergoing total hip replacement surgery under general or epidural anaesthesia.
Methods
After obtaining informed written consents and the approval of the local Ethics Committee of the İstanbul University Cerrahpaşa Medical School (protocol no: 5289), 80 ASA I-II patients undergoing total hip replacement surgery due to coxarthrosis were included in the study. The exclusion criteria consisted of patients using steroids and/or beta-adrenergic blockers and those with rheumatologic, endocrine, metabolic, renal and liver disease; tumours; obesity; fever and infection. Patients were randomly divided into four groups (n=20). They were randomized using the sealed opaque envelope method.
The first group (Group G) included patients who underwent surgery under general anaesthesia after an 8-h preoperative fasting period. The second group (Group GN) included patients who underwent surgery under general anaesthesia after drinking carbohydrate solutions during the preoperative period. The third group (Group E) included patients who underwent surgery under epidural anaesthesia following an 8-h preoperative fasting period. The fourth group (Group EN) included patients who underwent surgery under epidural anaesthesia after drinking oral carbohydrate solutions during the preoperative period. The patients in Group GN and Group EN were given 800 mL and 400 mL (12.5%) of oral carbohydrate solution (PreopQ, Nutricia, Holland) 8 h and 2 h before their elective surgery, respectively.
Patients were monitored in the operating room using electrocardiography (ECG), non-invasive arterial blood pressure and peripheral oxygen saturation (SpO 2 ). For the patients in Group E and Group EN, a lumbar epidural catheter was inserted at the L3-L4 intervertebral disc space, using an 18-G epidural needle by the loss of resistance technique. To achieve analgesia in T9 dermatome, 3 mL of 2% lidocaine was first administered as the test dose and then 1 mL of 0.25% bupivacaine and 0.05 mg kg -1 morphine (1 mg mL -1 ) was administered per dermatome through the epidural catheter. For sedation during surgery, 1-3 mg kg -1 h For postoperative pain control, Group E and Group EN received patient-controlled analgesia with 1 mg mL -1 bupivacaine, 0.05 mg mL -1 morphine, 3 mL h -1 basal infusion, a bolus of 3 mL and a lockout of 30 min. Group G and Group GN patients were administered iv patient-controlled analgesia using 1 mg mL -1 morphine and a bolus of 1 mL with a lockout time of 7 min. HR, SpO 2 and mean arterial blood pressure values of all patients were recorded before intubation, 5 min after the intubation and at 5-min intervals during the surgery.
Blood samples were obtained on the first preoperative day, in the preparation room before surgery, 5 min after the skin incision and at the 1 st , 2 nd , 6 th and 24 th hour after the incision to determine the serum glucose and insulin levels. We also collected blood samples 1 day before the surgery, in the surgery preparation room and at the 6 th and 24 th hour after the skin incision for measuring Interleukin 6 (IL-6) levels.
Serum glucose levels were measured with the 'Accutrend Alpha' instrument (Roche, Switzerland) using the glucose oxidase method. Blood glucose levels measured at 60-110 mg dL -1 while the patient was fasting and below 140 mg dL -1 2 h after the food intake were considered normal in this method.
Insulin levels were measured in serum using DPC insulin kits (Catalogue Number: LKIN 1, LKIN 5) and the 'IMMULITE 2-site chemiluminescent immunometric assay' method (DPC, 1997, the USA). In this method, insulin levels between 2.6 µU mL -1 and 24.9 µU mL -1 were considered normal. Cortisol levels were determined with the DPC cortisol kits (Catalogue No: LKCO 1, LKCO 5) and the IMMULITE analyser (DPC, 1997, USA) via the 'Competitive immunoassay' method. According to these measurements, normal cortisol values were as follows: 5-25 µg mL -1 in the morning, 8-20 µg mL -1 in the afternoon and lower than 6 µg mL -1 in the evening. IL-6 levels were also measured in serum using Anogen IL-6 kits (Catalogue No: EL10023) by the enzyme-linked immunoTurk J Anaesthesiol Reanim 2016; 44: 117-23 sorbent assay (ELISA). The levels below 12.5 pg mL -1 were considered normal in the measurements performed using the ELISA method. The severity of postoperative pain was analysed in the recovery room 6 h and 24 h after the skin incision using the Visual Analogue Scale (VAS) with the range 0-10 (0: no pain, 10: extreme pain). During this time, the presence of nausea and vomiting was also recorded.
Statistical analysis
The characteristics of patients and surgery and the presence of nausea and vomiting were analysed using the 'chi-square test'. The levels of serum glucose, insulin, cortisol, IL-6, HR and MAP were compared between the groups using the 'Multiple Variance Analysis' (ANOVA and post hoc test Tukey HSD). The VAS values of the groups were compared with the 'Kruskal-Wallis test'. Obtained data were expressed with the mean (±) and standard deviation values. P<0.05 was considered statistically significant.
Results
Considering their sex, age, height, body weight and duration of surgery, there was no significant difference between groups (Table 1) . Additionally, no significant difference could be found between the heart rates of groups. When the mean arterial pressure was compared between groups, the values in Group E and Group EN measured at the 1 st preoperative day, were found to be significantly higher than those in Group GN (p<0.013) (94.20±9.33 and 95.30±11.44 vs 85.25±8.64). There was no statistically significant difference between other groups.
The preoperative blood glucose levels in Group G were significantly higher than those in Group GN in the morning of the surgery (p<0.05). We also observed that glucose levels at the postoperative 24 th hour were significantly lower in (Table 2) .
According to the comparison of the insulin levels between the groups, the postoperative insulin levels in Group E were significantly higher than those in Group G; the preoperative insulin levels in Group EN were statistically higher than those in Group G and Group E in the morning of the surgery and the levels measured at the 1 st hour after the skin incision were significantly higher in Group EN and Group GN than those in Group G and Group E (p<0.05) ( Table 3 ). The comparisons of the groups also indicated that cortisol levels measured 2 h after skin incision were significantly higher in Group G and Group GN than in Group EN (p<0.05) ( Table 4) . No statistically significant difference was found between the groups considering IL-6 values, blood loss and transfusions.
There was no statistically significant difference between groups regarding the incidence of nausea and vomiting. One patient from Group E and two patients from Group EN had nausea and vomiting. None of the study subjects experienced aspiration of gastric contents. The VAS values at the 6 th postoperative hour were found to be significantly higher in Group G and Group E than in Group GN and Group EN (p<0.05). The VAS values, however, did not show any statistically significant difference between other groups (Table 5 ).
Discussion
In this study, the preoperative oral carbohydrate intake did not have a significant effect on the surgical stress response of patients undergoing total hip replacement surgery. The response of the organism against surgical stress was correlated with the type of anaesthesia and surgery, duration of preoperative fasting, intra-operative bleeding and postoperative analgesia level. These factors also had an influence on the hospitalization time (9) . Surgical catabolic response may vary based on the technique of anaesthesia.
The comparison of stress hormones between the groups showed significant differences at specific times; however, only IL-6 showed no significant difference between groups.
It was observed in the study that the glucose levels measured on the morning of the surgery were lower in patients receiving nutrients than those who did not. Our study bears a resemblance to the results of the study conducted by Thorell et al. (10) . As in the study of Maruyama et al. (11), serum glucose levels increased in all groups when the surgery start- Kruskal-Wallis. Preop 1: 1 day before surgery, Preop 2: preoperative recovery room, Insulin 3: 5 min after skin incision, Insulin 4: 1 h after skin incision, Insulin 5: 2 h after skin incision, Insulin 6: 3 h after skin incision, Insulin 7: 6 h after skin incision, Insulin 8: 24 h after skin incision ed. However, unlike our study, they administered steroids to the first group showing glucose intolerance and thus found that the increase in glucose level was significantly greater in that group than the ones abstaining from any kind of food and liquid intake before the surgery. In our study, however, although Group G and Group E were not allowed the oral intake of liquids or solids 8 h prior to the surgery, Group GN and Group EN were given 800 mL carbohydrate solution 8 h before the elective procedure and 400 mL of 12.5% carbohydrate solution before the surgery. When Group GN was compared with the groups that did not have any food and liquid intake before the surgery, no statistically significant difference could be observed in those groups regarding the increase of serum glucose levels at the beginning of the surgery. Similarly, we made a comparison between Group EN and other groups abstaining from any food and liquid intake. According to that comparison, there was no statistically significant difference between those groups regarding the increase of serum glucose levels at the start of the surgery. However, the glucose increase in Group EN was found to be higher than in the other groups.
In the study by Nygren et al. (9) , serum glucose levels were highest at the 40 th minute and returned to the basal level at the 120 th minute. In our study, however, serum glucose levels increased to the highest level at the 2 nd hour after the skin incision and were higher than the basal level. That difference may have been due to the fact that there was more surgical stress and bleeding, and the duration of the surgery was longer in total hip replacement than in laparoscopic cholecystectomy and parathyroid surgery.
In this study, as in the studies by Hausell et al. (12) and Soop et al. (13) , insulin levels in the epidural anaesthesia group showed an increase at the postoperative 24 th hour compared with the basal insulin levels, but there was a decrease in the plasma insulin concentration level in the general anaesthesia group. The present study also indicated that the increase in the cortisol level was higher in the groups that did not have any food and liquid intake before the surgery than in the groups receiving preoperative oral carbohydrate nutrition; nevertheless, oral carbohydrate administration did not have any effect on the blood cortisol level. The blood cortisol levels in the groups receiving general anaesthesia reached the highest level at the postoperative 2 nd hour. During this time, the cortisol increase was observed to be lower in the groups receiving only epidural anaesthesia. However, we did not observe any increase in the cortisol levels of the group receiving preoperative nutrition together with epidural anaesthesia.
The comparison of IL-6 levels in the general anaesthesia group with the epidural group did not show any significant difference. Our study, on that sense, was similar to the study by Hogevold et al. (14) , conducted among patients undergoing total hip replacement, and with the study by Naito et al. (15) , which analysed patients undergoing upper abdominal surgery. Also, it was indicated in the study that VAS scores of the patients receiving oral nutrition before the surgery was significantly lower 6 h after the skin incision than those who did not receive preoperative nutrition solution. Conversely, patients who received nutrition and those abstaining from oral food or fluid intake had similar VAS levels at the postoperative 24 th hour.
In several studies, the efficacy of the epidural technique proved to be superior than general anaesthesia in terms of reducing the surgical stress. In a study comparing general and epidural anaesthesia in 60 ASA 1-2 patients, the surgical trauma-related stress response was evaluated by determining the levels of serum CRP, TSH, cortisol and glucose. Heart rate and cortisol values were found to be significantly higher in the general anaesthesia group at the 30 th minute (16) . In a comparative study, it was concluded that when epidural anaesthesia is combined with general anaesthesia for patients undergoing major spinal surgery, the epidural group demonstrated lower levels of glucose, cortisol, IL-1β, IL-6 and IL-10 during the postoperative period. (17) . Surgical trauma produces a neuroendocrine response mediated by the release of proinflammatory cytokines and hormones (18) . The role of preoperative oral carbohydrate intake is related with a reduction in the in- flammatory response to surgical stress because the insulin-stimulated glycogen synthase activity is attenuated by surgery and the glycogen stores in the liver, skeletal muscle and adipose tissue decrease (19) .
On the other side, similar with our findings, the oral carbohydrate intake showed no effect on stress response for patients undergoing laparoscopic cholecystectomy (20) . No significant change was obtained in the levels of cortisol, glucose and insulin resistance.
Study limitations
The major limitation of this study is the number of participants in each group. To compare larger groups, further studies are needed.
Conclusion
We concluded from the study that the epidural anaesthesia technique could suppress the surgical stress response, but the oral carbohydrate solution diet applied in the preoperative period did not have a significant effect on surgical stress response.
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